Schizosaccharomyces pombe has four -amylase homologs (Aah1p-Aah4p) with a glycosylphosphatidylinositol (GPI) modification site at the C-terminal end. Disruption mutants of aah genes were tested for mislocalization of vacuolar carboxypeptidase Y (CPY), and aah3Á was found to secrete CPY. The conversion rate from pro-to mature CPY was greatly impaired in aah3Á, and fluorescence microscopy inidicated that a sorting receptor for CPY, Vps10p, mislocalized to the vacuolar membrane. These results indicate that aah3Á had a defect in the retrograde transport of Vps10p, and that Aah3p is the first S. pombe specific protein required for vacuolar protein sorting.
-amylase catalyzes endohydrolysis of -1,4-glucosidic linkages in starch and related oligosaccharides. It belongs to glucoside hydrolase family 13. 1) A large number of studies have described -amylase from fungi, including yeasts, [2] [3] [4] [5] [6] [7] while Schizosaccharomyces pombe has no -amylase activity. In previous studies, four -amylase homologs, aah1 þ to aah4 þ , were identified in S. pombe, and they contained GPI modification sites at the C-terminal end of the proteins. 8, 9) Phenotypic characterization of -amylase gene disruption mutants revealed that only aah3Á showed a morphological defect and sensitivity to a cell-wall degrading enzyme, zymolyase. Aah3p localized to the membrane fraction, including the cell surface. These findings suggest that Aah3p was localized at the cell surface and played a role in maintaining cell-wall strength and cell shape. 8) During the course of characterization of these aah mutants, we noticed that aah3Á mutant secreted a vacuolar soluble protease, CPY. In S. pombe, the cloning and characterization of the CPY gene (cpy1 þ ) have been reported as a vacuolar protein marker. 10) We analyzed four aah mutants for secretion of CPY by colony blot assay. S. pombe wild-type strain ARC039 (h À , ura4-C190T, leu1-32), and its derivatives aah1Á, aah2Á, aah3Á, and aah4Á (h À , ura4-C190T, leu1-32, aah::ura4 þ ) were constructed as previously described. 8) cpy1Á (h þ , ura4-D18, leu1-32, ade6-M216, his2, cpy1::ura4 þ ) 10) was used as a negative control. vps34Á (h þ , ura4-D18, leu1-32, ade6-M216, his2, vps34::ura4 þ ) 11) and vps26Á (h À , ura4-C190T, leu1-32, vps26::ura4 þ ) 12) were used as positive controls secreting strong and moderate-weak levels of CPY respectively. Standard rich medium (YES) was used as described previously. 13) Colony blot assay was performed as described previously. 12, 14) Briefly, yeast strains were precultured in YES medium and then replica-plated on a fresh YES plate in contact with a nitrocellulose membrane. The plates were then incubated at 30 C for 2 d. The nitrocellulose membranes were washed several times with water and then subjected to The membranes were subjected to immunoblotting with rabbit anti-CPY at 1:500 dilution. Wild-type (WT), vps34Á, vps26Á, and cpy1Á strains are indicated for comparison.
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To determine whether CPY secretion of the aah3Á mutant was caused by lytic release, pulse-chase analysis was performed. Metabolic labeling of yeast cells with Expres-35 S (PerkinElmer, Wellesley, MA), pulse-chase analyses, and immunoprecipitations were performed at 30 C, as described previously. 10) A 15-min pulse was used in these analyses. The immunoprecipitates using rabbit antiserum against CPY were analyzed by SDS-PAGE and autoradiography. This analysis determines the rate of Cpy1p maturation. It has been suggested that CPY is processed to a mature form by unidentified proteases in the vacuole. 10) If CPY secretion of aah3Á was due to lytic release, the maturation rate would be similar to the wild-type cells. During the initial 15 min of labeling, the ER-and Golgi-specific precursor form (proCPY) and a small amount of the vacuole-specific mature form (mCPY) were produced in the wild type. After a 30-min chase, proCPY was almost completely converted to the mature form (Fig. 2) . The aah3Á mutant exhibited a processing defect for Cpy1p. After a 30-min chase, aah3Á cells were unable to complete maturation of the majority of proCPY. Even after a 60-min chase, the majority remained proCPY, while the mature form increased slightly (Fig. 2) . These results suggest that S. pombe Aah3p is required for delivery of CPY to the vacuole, but also suggest the possibility of an indirect effect of CPY sorting in S. pombe.
The pathway for the delivery of newly synthesized CPY to the vacuoles involves transport from the lateGolgi complex to a prevacuolar compartment (PVC). CPY transport was mediated by a sorting receptor, Vps10p.
12) From the PVC, CPY is transferred to the vacuole, whereas Vps10p returns to the late-Golgi for further rounds of transport. Correct localization of Vps10p to Golgi is maintained by retrograde transport from PVC to Golgi, and a sorting complex called the retromer complex consisting of five Vps proteins (Vps5p, Vps17p, Vps26p, Vps29p, and Vps35p) is also conserved in S. pombe. 12, 15) To determine what caused this sorting defect in aah3Á cells, cellular localization of a Vps10p was observed. A plasmid, pTN197/vps10, was transformed into wild-type and aah3Á cells to express GFP-fused Vps10p under the control of the thiamine-repressible and attenuated nmt1 promoter. 12) Transformants were cultured in synthetic minimal medium (MM) 13) without leucine and thiamine for 20 h, stained with FM4-64 (Invitrogen, Carlsbad, CA) to visualize vacuoles, 12, 16) and then incubated with water for easy detection of vacuoles as a consequence of homotypic vacuolar fusion. 17, 18) Cells were examined with an Olympus BX-60 fluorescence microscope using a U-MGFPHQ filter (for GFP), or a U-MWIG filter (for FM4-64) (Olympus, Tokyo, Japan). Images were captured with a Sensys Cooled CCD camera using MetaMorph (Roper Scientific, San Diego, CA).
Wild-type cells expressing Vps10-GFP exhibited punctate fluorescence (Fig. 3A) , which was found to be consistent with the Golgi in the previous study. 12) Vps10-GFP localized to the vacuolar membrane in aah3Á mutant cells (Fig. 3A) . This pattern of fluorescence resembles retromer complex mutants. When vps genes encoding the retromer complex were disrupted, Vps10-GFP transited through the PVC and was eventually missorted to vacuolar membranes. 12) Loss of Aah3p resulted in a defect in retrograde transport, indicating that this is one of the reasons aah3Á secretes CPY. In aah3Á, a GFP-tagged UDP-galactose transporter, Gms1p 19) and a GFP-tagged phosphatidylinositol (3,4,5) triphosphate 3-phosphatase, Ptn1p 20) were normally localized to the Golgi and endosome/PVC respectively ( Fig. 3B and C) . These observations indicate that the functions of the Golgi and endosome were not impaired by the loss of Aah3p.
As described above, deletion of retromer complex genes resulted in the mislocalization of CPY and Vps10p, similarly to the aah3Á mutant. However, the amount of secreted CPY in aah3Á was less than in the retromer complex mutants, including vps26Á (Fig. 1) . The retromer complex mutants also showed a delay in CPY maturation, but over 50% of proCPY was converted to mature CPY within a chase of 30 min. 12) These observations suggest that the most of the proCPY pooled in aah3Á cells, and that aah3Á also has a defect in transport from Golgi to vacuoles. Further characterization of aah3Á cells should help to clarify which organelle stores proCPY and which step in trafficking to the vacuole is disturbed. CPY secretion phenotype of aah3Á was not suppressed by mutant alleles E253A and D229A 8) (data not shown), indicating that the integrity of Aah3p is crucial for vacuolar transport. In Saccharomyces cerevisiae, some vacuolar protein sorting (vps) mutants show additional phenotypes, such as aberrant actin patchs, endocytic defects, and characteristic morphology of vacuoles, i.e., large, small, or no vacuoles. [21] [22] [23] [24] aah3Á has an abnormal shape, although actin patch distribution was comparatively normal. 8) Fluid-phase endocytosis normally occurred in aah3Á cells, when visualized by vacuolar accumulation of Lucifer Yellow CH (data not shown). Vacuole staining with FM4-64 revealed that aah3Á had normal-size vacuoles (data not shown). These observations suggest that loss of Aah3p resulted in a defect in the CPY pathway, but did not influence endocytosis, actin polarization, or vacuolar fusion.
In S. cerevisiae, genetic screens based on the missorting of vacuolar hydrolases to the periplasmic space have identified many VPS genes, to clarify the components involved in the delivery of proteins to the vacuole. 25, 26) By genome-wide screening of a collection of deletion strains, a complete inventory of VPS genes has been developed. 27, 28) Among them, it was explained that deletion of GAS1, encoding GPI-anchored 1,3--glucanosyltransferase, resulted in a weak CPY secretion phenotype. 28) Sphingolipids, important material for shingolipid/sterol-enriched detergent-resistant membrane (DRM), are required for stable membrane association and maturation of Gas1p. 29, 30) Gas1p has been shown to be associated with DRM. 30) Although it remains to be determined whether DRM contains Aah3p in S. pombe, a loss of the functions of GPI-anchored protein might influence the stability of DRM, thereby decreasing the activity of factors required for vesicular traffic and preventing transport between the Golgi complex and PVC.
In this study, we found a new vps gene, aah3 þ , in S. pombe, one that has no apparent orthologs in S. cerevisiae. Gene disruption of aah3 þ resulted in a defect in retrograde transport of Vps10p, and it was a cause of the CPY secretion phenotype. However, the cause of mislocalization of Vps10p was unclear, and further study is required to identify the functional role of Aah3p in vesicular traffic. A, Localization of Vps10-GFP in aah3Á. Cells containing pTN197/vps10 were grown in MM medium without leucine and thiamine for 20 h, and then labeled with FM4-64, followed by incubation in water for 60 min. B, Localization of Golgi marker Gms1-GFP. Cells containing pALGMS1-GFP were grown in MM medium without leucine for 20 h. C, Localization of endosome marker GFP-Ptn1p. To tag GFP with Ptn1p, the ptn1 þ ORF was amplified by PCR and subcloned into pTN54, a derivative of thiamine-repressible expression vector pREP41. Cells containing pTN54/ptn1 were grown in MM medium without leucine and thiamine for 20 h.
